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(54) SQUIB AND iWETHOD OF MANUFACTURE THEREOF 



(57) The present invention relates to a squib used 
for a gas generatorthat operates an occupant protecting 
system of an automobile, such as a seatbelt pretension- 
er and an airbag system and to a producing method 
thereof. The invention provides a squib Including a cup 
(2). an ignition agent (3) packed in the cup (2), a plug 
(4) to close an opening of the cup (2), two electrode pins 
(5, 6) inserted in the plug to extend through it, and a 
bridge wire (7) that is connected between the two elec- 
trode pins (5; 6) in the cup (2) and generates heat when 
electrically energized, wherein the two electrode pins (5, 



6) are.inserted in the plug (4) to extend through it in such 
a manner as to form projected portions (23) that are pro- 
jected from one end of the plug on the cup side, wherein 
the bridge wire (7) is connected between the projected 
portions (23) of the electrode pins (5, 6), wherein the 
bridge wire (7) and the projected portions (23) are buried 
in the Ignition agent (3), and wherein the bridge wire (7) 
and the ignition agent (3) are sealed in the cup (2) in the 
condition in which they have a certain contact pressure 
acting on each other. Also, the present invention pro- 
vides a producing method thereof. 
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Description 
Technical Field 

[0001] The present invention relates to a squib used 
for a gas generator for an occupant's safety protecting 
system of an automobile, such as a seatbelt pretension- 
er and an airbag system. 

Baclcground Art 

[0002] A seatbelt pretenstoner and an airbag system 
are known as occupant protecting systems to protect oc- 
cupants from the impact from a car crash. These seat- 
belt pretensionser and equivalent are operated by a 
large amount of gases supplied from the gas generator 
to protect the occupants. The gas generator includes a 
squib and a gas generating agent, so that the squib is 
rapidly ignited at a car crash, to ignite and burn the gas 
generating agent to thereby generate a large amount of 
gases. 

[0003] To take an instance of the squib used for the 
gas generator, it comprises a cup to contain an ignition 
agent and a plug to be inserted in the cup to seal the 
ignition agent therein, and the cup and the plug are both 
formed of a plastic resin or equivalent. The plug has two 
electrode pins extending through it. The electrode pins 
are projected into the cup and are electrically connected 
to a bridge wire at one ends thereof. The bridge wire is 
covered with an ignitable agent contacting with the igni- 
tion agent. The ignitable. agent comprises ignition sen- 
sitive material so that it can be ignited by generation of 
heat of the bridge wire, to ignite the Ignition agent. 
[0004] The squib is loaded on the gas generator so 
that it can be electrically energized via impact signals 
from crash sensors to cause generation of heat of the 
bridge wire. The bridge wire generating heat ignites the 
ignitable agent and in turn ignites the ignition agent to 
burn it. Then, the pressure and heat developed and gen- 
erated by the. burning of the Ignition agent causes the 
Ignition and combustion of the gas generating agent. 
[0005] In the conventional ignition system of the resin 
squib, the bridge wire is made to generate heat to ignite 
the ignitable agent, followed by the ignition of the ignition 
agent, for the purpose of stabilizing the ignition sensi- 
tivity. 

[0006] .For this, in the conventional resin squib, the 
bridge wire need be covered with the ignitable agent. It 
is common that the bridge wire is dipped in the Ignitable 
agent in numbers so that it can be covered with depos- 
ited ignitable agent. This causes increase in manufac- 
turing costs as well as in working costs. 
[0007] Also, the ignitable agent usually contains 
harmful heavy metal such as lead. From the environ- 
mental consciousness in recent years, the squib using 
no hazardous substance is being desired increasingly. 
[0008] In addition, in recent years, cost reduction is 
being strongly demanded for the gas generator used for 



the seatbelt pretensioner pr the airbag system, along 
with which cost reduction is being increasingly demand- 
ed for the squib also. 

[0009] It is the object of the present invention to pro- 
5 vide a squib that can be produced at a reduced cost and 
also is of environmentally friendly. 

Disclosure of the Invention 

to [0010] A squib of the present invention is directed to 
a squib used for a gas generator that works to. operate 
an occupant protecting system of an automobile, such 
as a seatbelt pretensioner and an airbag system. The 
squib of the present invention comprises a cup, an igni- 
*5 tion agent packed in the cup, a plug to close an opening 
of the cup, two electrode pins inserted in the plug to ex- 
tend through it, and a bridge wire that is connected be- 
tween the two electrode pins in the cup and generates 
heat when electrically energized. 
[001 1 ] The two electrode pins are inserted in the plug 
to extend through it, so as to define projected portions 
that are projected from one end of the plug on the cup 
side. The bridge wire is connected between the project- 
ed portions of the electrode pins. 
[001 2] The bridge wire and the projected portions are 
buried in the ignition agent, 

[0013] The bridge wire and the ignition agent are 
sealed in the cup in the condition in which they have a 
certain contact pressure acting on each other. 
[0014] A producing method of the squib of the present 
invention is directed to a method of producing a squib 
used for a gas generator that works to operate an occu- 
pant protecting system of an automobile, such as a seat- 
belt pretensioner and an airbag system. 
[0015] The producing method of the squib comprises 
the step of forming a plug by charging resin into a space 
between two paralleled electrode pins except opposite 
end portions thereof, as well as a space therearound, 
the step of connecting both ends of a bridge wire to pro- 
jected portions of the electrode pins that are projected 
from one end of the plug, respectively, the step of insert- 
ing a portion ot the plug on the bridge wire side into a 
cup, to hide and bury the bridge wire and the projected 
portions in the ignition agent packed in the cup, and the 
step of fittingly engaging the plug in the cup so that the 
bridge wire and the ignition agent can be sealed in the 
cup in the condition in which they have a certain contact 
pressure acting on each other. 

[0016] According to the present invention thus consti- 
50 tuted, since the bridge wire is buried in the ignition agent, 
the contact area between the bridge wire and the ignition 
agent can be increased. Also, when the ignition agent 
having a component that is ignited by generation of heat 
of the bridge wire is used, the ignition agent around the 
S5 bridge wire can be ignited by generation of heat of the 
bridge wire caused by passage of electric current 
through the electrode pins. Since the bridge wire and 
the Ignition agent are sealed in the cup in the condition 
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in which they have a certain contact pressure acting on 
each other, the ignition agent can be ignited stably only 
by the generation of heat of the bridge wire. 
[0017] Since the bridge wire is connected between 
the projected portions of the electrode pins and is posi- 
tioned at a higher lever than the plug, it can be adjusted 
to have a certain contact pressure in the assembling 
process in which the plug is inserted in the cup to fittingly 
engage the plug and the cup with each other 
[0018] Further, it is preferable that the projected por- 
tions of the electrode pins are provided, at ends thereof, 
with planate deposition surfaces extended along the ax- 
es of the electrode pins and arranged in parallel with a 
predetermined fixed clearance h in the substantially 
same plane, and both ends of the bridge wire are con- 
nected to the deposition surfaces, respectively. 
[0019] With the constitution above, a substantial 
length of the bridge wire is detennined by the clearance 
h between the deposition surfaces. If the connecting po- 
sition of the bridge wire is in the deposition surface, any 
bridge wire will have a substantial length h, so that the 
substantial fixed length h of the bridge wire can be ob- 
tained. Thus, the bridge wire can be connected to the 
electrode pins with ease, without enhancing the preci- 
sion of the connecting position of the bridge wire, and a 
prescribed resistance value of the bridge wire can also 
be secured. 

[0020] Additionally, it is preferable that utmost end 
portions of the projected portions of the electrode pins 
are folded back in such a manner as to cover connected 
portions of the bridge wire. By virtue of this constitution, 
the connected portions of the bridge wire can be pre- 
vented from being detached off due to the contact re- 
sistance with the ignition agent in the process that the 
bridge wire is hidden in the Ignition agent to be buried 
therein. 

[0021 ] Also, it is preferable that the bridge wire is con- 
nected between the projected portions in the loosened 
state in which no substantial tensile force is applied ther- 
ebetween and then is sealed in the cup. 
[0022] By virtue of this constitution, a contact resist- 
ance of the ignition agent against the bridge wire can be 
reduced in the process that the bridge wire is hidden in 
the ignition agent to be buried therein. 
[0023] It is preferable that a loading density of the ig- 
nition agent in the cup is adjusted to fall within a range 
of between 2 mg/mm^ and 4 mg/mm^ so that the bridge 
wire and the ignition agent are sealed in the cup in the 
condition in which they have a certain contact pressure 
acting on each other. Further, it is preferable that the 
ignition agent has a component that is ignited by gener- 
ation of heat of the bridge wire and is in the f omi of power 
or granule. In addition, it is preferable that the ignition 
agent has zirconium as a component. These enable the 
ignition agent to be ignited stably only by the generation 
of heat of the bridge wire. 



Brief Description of the Drawings 

[0024] FIG. 1 is a partial cross section of a squib of 
the present invention as viewed from the front, FIG. 2 is 

s an exploded view of the squib shown in FIG. 1 , FIG. 3 
is a partial cross section of a plug of the squib shown in 
FIG. 1 as viewed from the top, FIG. 4(a), FIG. 4(b), FIG. 
4(c) and FIG. 4(d) are diagrams illustrating the produc- 
tion method of the squib, FIG. 4(a) and FIG. 4(b) are 

10 front views of the squib; FIG. 4(c) is a sectional view of 
the same as viewed from the top; and FIG. 4(d) is a sec- 
tional view of the same as viewed from the front, FIG. 5 
(a), FiG. 5(b), FIG. 5(c) and FIG. 5(d) are diagrams il- 
lustrating the production method of the squib, FIG. 5(a), 

15 FIG. 5(b) and FIG. 5(c) are partial cross sections of the 
squib as viewed from the front; and FIG. 5(d) is a sec- 
tional view of the same as viewed from the top, FIG. 6 
(a), FIG. 6(b) and FIG. 6(c) are diagrams illustrating the 
production method of the squib and are partial cross 

20 sections of the same as viewed from the front, FIG. 7(a) 
shows a connected state of the bridge wire of the con- 
ventional squib; and FIG. 7(b) shows a connected state 
of the bridge wire of the squib of the present invention, 
FIG. 8 is a partial cross section of another squib of the 

25 present invention as viewed from the front, FIG. 9 is an 
exploded view of the squib shown in FIG. 8, and FIG. 
1 0 is a partial cross section of the gas generator using 
the squib of the present invention as viewed from the 
front. 

30 

Best IMode for Carrying out the Invention 

[First Embodiment] 

35 [0025] The first embodiment will be described below 
with reference to .FIGS. 1 through 3, FIG. 7(a) and FIG. 
7(b), 

[0026] A squib 1 shown in FIG. 1 comprises a cup 2, 
an ignition agent 3, a plug 4, two electrode pins 5, 6 and 

40 a bridge wire 7. The squib 1 is tried to reduce cost by 
forming the cup 2 and plug 4 of resin. 
[0027] The cup 2 is fomned by a bottom 2b and a cy- 
lindrical portion and is packed with the ignition agent 3. 
The cup 2 has, at an end thereof on the opening 2a side, 

45 a convexity 8 fomned around an inside surface thereof , 
so that when the plug 4 is inserted in the cup 2, the con- 
vexity 8 of the cup 2 is fitted in a fitting groove 1 9 formed 
in the plug 4 at a specified position thereof, to maintain 
the plug 4 at a predetermined position in the cup 2. 

50 [0028] The cup 2 is formed of material comprising res- 
ins, such as PBT (polybutylene terephthalate), PET 
(polyethylene terephthalate), PA6 (nylon 6), PA66 (ny- 
lon 66), PPS (polyphenylene sulfide) and PPO 
(polyphenylene oxide), combined with reinforcement 

55 such as glass fiber. 

[0029] The plug 4 comprises a cylindrical portion 1 6 
to be inserted In the cup 2 and a flanged portion 1 6 pro- 
jecting radially outwardly at one end of the cylindrical 
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portion 1 6 to extend continuously to the cylindrical por- 
tion 16. The cylindrical portion 16 has an annular fitting 
glove 19 formed around the cylinctrical portion 16 in 
which the convexity 8 of the cup 2 is fitted. The flanged 
portion 18 has a tapered surface 21 that decreases in 
diameter toward the opposite side to the cylindrical por- 
tion 1 6. The plug 4 is formed of material comprising res- 
ins, such as PBT, PET, PA6, PA66, PPS and PPO, com- 
bined with reinforcement such as glass fiber. 
[0030] The two electrode pins 5 , 6 are arranged in par- 
allel with the axis of the cylindrical portion 1 6 of the plug 
4 to extend through the plug 4 and project out from both 
ends of the plug 4. Each of the electrode pins 5, 6 has 
a curved portion 45 curved outwardly within the flanged 
portion 18. The electrode pins 5, 6 are formed from a 
single conductive round rod of e.g. stainless steel, an 
iron-nickel alloy, and the like metal. 
[0031] The electrode pins 5, 6 have deposition surfac- 
es 24 formed continuously thereto at their projected por- 
tions 23 projected out axially from the other end of the 
cylindrical portion 16, respectively. The deposition sur- 
faces 24 are flat surfaces extended along the axes of 
the electrode pins 5, 6 and are arranged in parallel with 
each otherwith a predetermined fixed clearance h in the 
substantially same plane. These flat surfaces can be 
easily formed by pressing the ends of the projected por- 
tions 23 of the electrode pins 5, 6 radially by means of 
a press molding and the like. 

[0032] The bridge wire 7 is bridged between the dep- 
osition surfaces 24 so as to vertically extend across the 
clearance h therebetween at the ends of the projected 
portions 23 In a loosened state in which no substantial 
tensile force is applied therebetween. Then, in the con- 
dition in which the bridge wire 7 is kept in its loosened 
state in which no substantial tensile force is applied ther- 
ebetween, the opposite ends of the bridge wire are de- 
posited on their related deposition surfaces 24 by weld- 
ing and the like, as shown in FIG. 3. The welded portions 
25 of the bridge wire 7 is covered with a folded-back 
portion 24a formed by folding back the ends of the dep- 
osition surfaces 24 which are the utmost ends of the pro- 
jected portions 23. 

[0033] This specific structure of the bridge wire 7 con- 
necting between the deposition surfaces 24 can permit 
a substantial length of the bridge wire 7 to be determined 
by the clearance h between the deposition surfaces 24, 
as shown in FIG. 7(b). Any bridge wire 7 bridged be- 
tween the deposition surfaces 24 so as to vertically ex- 
tend across the clearance h will have a substantial 
length of h at any two connecting locations in the depo- 
sition surfaces 24. This can provide the result that the 
substantial fixed length h of the bridge wire can be se- 
cured without improving the precision of the connecting 
position of the bridge wire 7. Thus, the bridge wire 7 can 
be connected to the electrode pins 5, 6 with ease and a 
prescribed resistance value of the bridge wire 7 can also 
be secured. 

[0034] in contrast to this, when the bridge wire is con- 



nected between cut surfaces of the electrode pins 5, 6, 
as shown in FIG. 7(a), the distance LI , L2 between the 
electrode pins 5, 6 varies depending on the locations at 
which the bridge wire 7 is welded and, thus, the sub- 

s stantial length of the bridge wire 7 varies also. Conse- 
quently, the substantial predetenmined length of the 
bridge wire 7 cannot be obtained unless the locations at 
which the opposite ends of the bridge wire 7 are welded 
are adjusted with accuracy. 

10 [0035] Additionally, the constitution that the bridge 
wire 7 is connected between the deposition surfaces 24 
in the loosened state in which no substantial tensile 
force is applied therebetween, as shown in FIG. 2, can 
provide the result that a contact resistance of the ignition 

'5 agent 3 against the bridge wire 7 can be reduced in the 
process that the bridge wire 7 is hidden in the ignition 
agent 3 to be buried therein. 

[0036] Also, the constitution that the welded portions 
25 of the bridge wire 7 are covered with the folded-back 

20 portions 24a at the ends of the. deposition surfaces 24 
can provide the result of preventing the welded portions 
25 of the bridge wire 7 from being detached off due to 
the contact resistance with the Ignition agent 3 in the 
process that the bridge wire 7 is hidden in the ignition 

25 agent 3 to be buried therein. 

[0037] The generation of heat of the bridge wire 7 is 
caused by passage of electric current through the elec- 
trode pins 5, 6 shown in FIG. 1. The resistance value 
per unit length of the bridge wire 7 [Q/mm] is set at a 

30 predetermined value so that a heating value of the 
bridge wire large enough to ignite the ignition agent 3 
can be obtained. 
• [0038] The predetermined resistance value [Q/mm] is 
- determined with reference to a cross section form of the 

35 bridge wire 7, a thickness thereof, a value of the electric 
current [A] to be passed through the electrode pins 5, 6, 
etc.. A material having the strength to prevent the bridge 
wire 7 from being cut when the plug 4 is inserted into 
the cup 2, as well as the predetermined resistance value 

^0 [o/mm], is selected as the material of the bridge wire 7. 
For example, the bridge wire 7 is fomned of a nickel- 
chromium alloy wire rod excellent in generation of heat 
and strength. 

[0039] Additionally, the bridge wire 7 is buried In the 
ignition agent 3 so that it can have'an increased contact 
area with the ignition agent 3 to ignite the ignition agent 
3 effectively. 

[0040] The material having zirconium (Zr), tungsten 
(W), and potassium perchlorate (KCIO4) as components 

50 of the ignition agent and using fluororubber, cellulose 
nitrate and the like as a binder is preferably used as the 
ignition agent 3 packed in the cup 2. A ratio of compo- 
sition among zirconium, tungsten, and potassium per- 
chlorate is determined so that the ignition agent can fully 

55 be ignited by the generation of heat of the bridge wire 
7. For instance, the ratio of composition of Zr:W:KCI04 
is set to be 3:3.5:3.5 by weight. The ignition agent 3 is 
preferably formed into a powdery form or granular fonm. 
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for increasing its contact area with the bridge wire 7 and 
also preventing cutting of the bridge wire 7 when the 
plug 4 is inserted in the cup 4. 

[0041] The seatbeit pretensioner or equivalent to pro- 
tect the occupants in the automobile must be operated 
within a few milliseconds (ms) from the car crash. From 
this constraint, the squib that works to ignite and burn 
the gas generating agent packed in the gas generator 
is also required to have the sensitivity to ignite within a 
few milliseconds (ms). Consequently, the loading den- 
sity of the ignition agent loaded in the cup 2 is set to be 
In the range of between 2mg/mm3 and 4mg/mm3 so that 
the ignition agent can be sealed in the cup at a prede- 
termined contact pressure between the bridge wire 7 
and the ignition agent 3, whereby the Ignition agent Is 
stably ignited by the electric energization of "a current 
value (A) for the bridge wire x a few milliseconds (ms)". 
[0042] In order for the ignition agent to have the load- 
ing density of between 2mg/mm3 and 4mg/mm^, it is 
preferable that the volume to contain In the cup is set to 
be In the range of between 15mg/mm3 and 120mg/mm3 
and an amount of ignition agent is in the range of be- 
tween 50mg and 480mg. Additionally, It is preferable 
that the bridge wire has a diameter of between 0 20 p.m 
and 29 p,m and a length of between 0.5mm and 1 .2mm. 
[0043] Before the bridge wire 7 is hidden in the ignition 
agent 7, together with the projected portions 23, the 
loading density (apparent specific gravity) of the ignition 
agent 3 is preferably adjusted to be 1 .3 mg/mm^ or less, 
to enable the bridge wire 7 to effectively be prevented 
from being cut off when hidden in the ignition agent. Af- 
ter the bridge wire 7 is hidden in the ignition agent 3, the 
plug 4 Is further inserted deep into the cup 2, so that the 
loading density of the Ignition agent 3 is Increased up to 
the range between 2mg/mm3 and 4mg/mm3, or optimal- 
ly 3mg/mm3.Then, the plug 3 is fittingly engaged in the 
cup 2 and is kept in that state. 

[0044] These specific conditions can ensure the op- 
erating time of a few milliseconds required for the gas 
generator of the occupant protecting system, such as 
the seatbeit pretensioner or equivalent, to operate. 
[0045] In the squib thus constructed, when the electric 
current is applied between the electrode pins 5, 6, the 
bridge wire 7 generates heat within a few milliseconds, 
and as such can allow the ignition agent 3 to stably ignite 
and burn by the generation of heat only. Then, the inter- 
nal pressure of the cup 2 is Increased by the combustion 
of the ignition agent 3, to burst the bottom 2b of the cup 
2. The flame of the ignition agent 3 Is spouted from the 
outside of the squib into the gas generator. 
[0046] Thus, the squib of the present invention ena- 
bles the ignition agent 3 to be ignited and burnt without 
any ignitable agent containing harmful substance being 
used for the bridge wire 7. Thus, since there is no need 
to. provide any ignitable agent containing hanmful sub- 
stances, the squib of low costs as well as of environ- 
mentally friendly can be provided. 
[0047] Referring now to FIGS. 4 through 6, the pro- 



duction method of the squib 1 of the present invention 
will be described. 

[0048] The squib 1 of the present invention is pro- 
duced through the following processes. In FIGS. 4 
s through 6, the same reference numerals are applied to 
functionally corresponding members to those in FIGS. 
1 through 3. 

(1 ) Process of forming the two electrode pins: 

10 

[0049] As shown In FIG. 4(a), a sirigle conductive rod 
40 comprising stainless-steel or iron-nickel alloy Is pre- 
pared. The .conductive rod 40 is folded into the U- 
shaped form by the press molding and the like. Two par- 
is allel electrode pins 5, 6 having straight-line portions and 
a folded portion 46 are fomned. The electrode pins 5, 6 
riemain connected to each other at one ends thereof 
- through the U-shaped folded portion 46. 
[0050] Further, the electrode pins 5, 6 are formed to 
20 have symmetrical curved portions 45 at locations of the 
straight-line portions by the press molding and the like. 
Thus, the two paralleled electrode pins 5, 6 having the 
curved portions 45 and the first and second straight-line 
portions 5a, 6a, 5b, 6b sandwiching the curved portions 
25 45 therebetween are fonned. The electrode pins 5, 6 
still remains connected to each other through the U- 
shaped folded portion 46. 

(2) Process of forming the plug 4: 
30 ^ 

[0051] As shown In FIGS. 4(b) and 4(c), the plug 4 is 
molded by use of two split molds 41 , 42 having first and 
second continuous molding spaces 43, 44 correspond- 
ing to the cylindrical portion 1 6 and the flanged portion 
35 18 of the plug 4. 

[0052] The first straight-line portions 5a, 6a of the 
electrode pins 5, 6 are arranged in parallel along the 
axis of the first molding space 43. The curved portions 
45 of the electrode pins 5, 6 are arranged in the second 
40 molding space 44. End portions of the first and second 
straight-line portions 5a, 6a, 5b, 6b of the respective 
electrode pins 5, 6 are projected from the first and sec- 
ond molding spaces 43, 44. In this state, resin Is injected 
into the first and second molding spaces 43, 44, so that 
45 the molds are filled with the resin. 

[0053] Seqjuentlaify, after the resin filled in the molds 
41 , 42 Is cured, the electrode pins 5, 6 and cured resin 
is taken out of the molds 41 , 42 to thereby produce the 
plug 4 shown in FIG. 4(d). The electrode pins 5, 6 and 
50 the plug 4 are formed as a unit, and the electrode pins 
extend through the plug 4 and project out from the op- 
posite ends of the plug. 

(3) Process of forming deposition surtaces 24 of the 
55 electrode pins 5, 6: 

[0054] As shown in FIG. 5(a), the folded portion 46 is 
cut off from the first straight-line portions 5a, 6a of the 
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electrode pins 5, 6 projecting from the cylindrical portion 
1 6 of the plug 4, to separate the electrode pins 5, 6 from 
each other. In this process, the folded portion 46 is cut 
off, leaving lengths required for the deposition surfaces 
24 to be fonrted on the ends of the projected portions 

23 of the electrode pins 5, 6 projecting from the cylindri- 
cal portion 1 6 of the plug 4. 

[0055} Sequentially, as shown in FIG. 5(b), the ends 
of the projected portions 23 are pressed radially by 
means of the press molding and the like, to form the dep- 
osition surfaces 24 extended along the axes of the elec- 
trode pins 5, 6. In this press molding process, precision 
of a degree of roughness of the deposition surfaces 24 
and a degree of parallelism therebetween is ensured so 
that the deposition surfaces 24 can be arranged in par- 
allel with each other with a predetermined fixed clear- 
ance h in the same plane. 

(4) Process of depositing the bridge wire 7: 

[0056] As shown in FIG. 5(c), the both ends of the 
bridge wire 7 are deposited on their respective deposi- 
tion surfaces 24 at the ends of the projected portions 23 
by welding and the like. 

[0057] The bridge wire 7 is bridged between the dep- 
osition surfaces 24 so as to vertically extend across the 
clearance h therebetween and the both ends of the 
bridge wire are deposited on the deposition surfaces 24 
at the projected portions 23 in a loosened state in which 
no substantial tensile force is applied therebetween. 
[0058] In this process, since the deposition surfaces 

24 are arranged in parallel with each other with a pre- 
determined fixed clearance h in the same plane, the 
substantial length of the bridge wire 7 does not vary 
even when the both ends of the bridge wire are depos- 
ited at any two locations in the deposition surfaces 24. 
[0059] For instance, the bridge wire 7 is deposited at 
the locations on the deposition surfaces 24 with a dis- 
tance of 0.5-4. 0mm from the end of the plug 4. 
[0060] Further, as shown in FIG. 5(d), the ends of the 
deposition surfaces 24 of the projected portions 23 are 
folded back to coverthe welded portions 25 of the bridge 
wire 7, so that the welded portions 25 of the bridge wire 
7 are covered with the folded-back portion 24a. 

(5) Process of burying the bridge wire 7 and the 
projected portions 23 In the Ignition agent 3: 

[0061] As shown in FIG. 6(a), the cup 2 containing the 
ignition agent 3 is prepared. The cup 2 is formed of ma- 
terial comprising resins, such as PBT, PET, PA6, PA66, 
PPS and PPO, combined with reinforcement such as 
glass fiber and is formed into a cup-like shape at the 
same time as or prior to the processes mentioned 
above. The powdered or granulated ignition agent 3 is 
sealed in the cup 2 In a non-compressed state. 
[0062] Then, as shown in FIG. 6(b), the cylindrical 
portion 1 6 of the plug 4 is inserted Into the cup 2, so that 



the projected portions 23 and the bridge wire 7 are hid- 
den in the ignition agent 3 and buried therein. 
[0063] In this process, since the welded portions 25 
of the bridge wire 7 are in the state of being encircled 
5 by the folded-back portions 24a, they are prevented 
from being detached off from the deposition surfaces by 
the frictlonal resistance between the bridge wire 7 and 
the ignition agent 3. 

[0064] After the projected portions 23 and the bridge 
10 wire 7 are buried in the ignition agent 3, the cylindrical 
portion 1 6 of the plug 4 is inserted into the cup 2. 

(6) Process of fitting the plug 4 into the cup 2: 

15 [0065] As shown in FIG. 6(b), the plug 4 is pressed 
further toward the bottom 2b of the cup 2 to gradually 
increase the loading density of the powdered or granu- 
lated ignition agent 3. 

[0066] In this process, since the bridge wire 7 Is con- 
figured to project from the plug 4, together with the pro- 
jected portions' 23, the contact pressure of the bridge 
wire with the ignition agent 3 is gradually increased in 
the cup 2. However, since the bridge wire 7 is bridged 
between the electrode pins 5, 6 in the loosened state in 
which no substantial tensile force is applied therebe- 
tween, the bridge wire 7 is prevented from being cut off 
under the increased contact pressure when pressed into 
the cup. 2. 

[0067] Then, as shown In FIG. 6(c), the convexity 8 of 
the cup 2 is fitted in the fitting groove 1 9 of the plug 4 

and thereby the plug 4 is held in a specified position of 
the cup 2. In this process, the loading'denslty of the ig- 
nition agent 3 in the cup 2 comes to be a desired loading 
density, so that the bridge wire 7 is put into contact with 
the ignition agent 3 with a desired contact pressure. 
[0068] Through the processes above, the squib 1 
comprising the plug 2 and the cup 2 which are formed 
as a unit is assembled. 

[0069] It should be noted that the constitution that the 
bridge wire 7 and the ignition agent 3 are sealed with a 
specific contact pressure therebetween is not indispen- 
sable for the squib of the present invention. For exam- 
ple, when the composition of the ignition agent 3 is 
changed to enhance the ignition sensitivity, so that the 
ignition agent 3 is stably ignited by the electric energiza- 
tion of "a current value (A) for the bridge wire x a few 
milliseconds (ms)", there is no need to seal the bridge 
wire 7 and the ignition agent 3 in the condition In which 
a specific contact pressure is produced therebetween. 
[0070] Also, while the squib 1 of the present invention 
as illustrated above uses the cup 2 made of resin, an- 
other cup, such as a cup made of metal and a double- 
structure cup made of metal and resin, may alternatively 
be used. 

[0071] Further, while the squib 1 of the present inven- 
tion as illustrated has the constitution that the "welded 
portions 25 of the bridge wire 7 is protected by a folded- 
back portion 24a fonned by folding back the ends 24a 
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of the deposition surfaces 24 which are the utmost ends 
of the projected portions 23 of the electrode pins 5, 6, if 
the bridge wire 7 is strong enough to withstand the con> 
tact resistance and contact pressure with the ignition 
agent 3, the ends of the deposition surfaces 24 need not 
necessarily be folded back. 

[Second Embodiment] 

[0072] The second embodiment will be described be- 
low with reference to FIGS. 8 and 9. In FIGS. 8 and 9, 
the same reference numerals are applied to functionally 
corresponding members to those in FIGS. 1 and 2. 
[0073] The difference between FIGS. 8 and 9 and 
FIGS. 1 and 2 is in the configuration of a cup 71 and a 
plug 72. 

[0074] The cup 71 of a squib 31 comprises a cylindri- 
cal portion 71c and a stepped portion 71 d having an in- 
creased diameter at an opening 71 a side of the cup and 
extending continuously from the cylindrical portion 71c. 
The cylindrical portion 71c has an annular fitting groove 
32 formed around an inner surface thereof and a burst- 
ing portion 33 having a reduced thickness formed at the 
bottom 71 b. The cylindrical portion 71c has an Innersur- 
face extending along the contour of a cylindrical portion 
72a of the plug 72 mentioned later, and the stepped por- 
tion 71 d having an increased diameter has an inner sur- 
face extending along the contour of a flanged portion 
72b of the plug 72 as mentioned later. 
[0075] The plug 72 of the squib 31 is a stepped cylin- 
drical member having a corresponding contour to close 
contact with the inner surface of the stepped cup 71 . 
The plug 72 comprises the cylindrical portion 72a and a 
flanged portion 72b projecting radially outwardly at one 
end of the cylindrical portion 72a to extend continuously 
to the cylindrical portion 72a. A convexity 34 to be fitted 
in the annular fitting groove 32 of the cup 71 is formed 
around an outer surface of the cylindrical portion 72a. 
[0076J The squib 31 is assembled in the following 
steps. The plug 72 Is Inserted Into the cup 71 from a 
portion thereof on the bridge wire 7 side. The projected 
portions 23 and bridge wire 7 projecting from the cylin- 
drical portion 72a of the plug 72 are hidden in the Ignition 
agent 3 packed in the cap 71 , while the cylindrical por- 
tion 72a of the plug 72 is inserted into the cup 71. Se- 
quentially, the plug 72 is pressed further toward the bot- 
tom 71b side of the cup 71 to gradually increase the 
loading density of the powdered or granulated ignition 
agent 3. When the plug 72 Is pressed Into position in the 
cup 71 , In other words, when the ignition agent comes 
to have a certain loading density, the convexity 34 of the 
plug 72 is fitted into the fitting groove 32 of the cup 71 . 
Then, the stepped portion 71 b of the cup 71 comes into 
close contact with the flanged portion 72b of the plug 
72, so that the cylindrical portion 71c of the cup 71 is 
put in close contact with the cylindrical portion 72a of 
the plug 72. Thus, the cup 71 and the plug 72 are en- 
gaged with each other In the specified position to form 



the united squib 31 . 

[0077] The squib of the second embodiment illustrat- 
ed above can produce the same effect as the squib 1 
shown in FIGS. 1 and 2. Besides, the plug 72 and the 

5 cup 71 are put in close contact with the cup 71 in a range 
from the cylindrical portion 71 c to the opening 71 a of the 
cup 71 , so that the sealing performance is enhanced by 
the increased contact area between the plug 72 arid the 
cup 71 . As a result of this, the leakage of water or air 

10 into the space therebetween can be prevented. 

[Gas generator] 

[0078] Next, the gas generator G to which the squib 
IS 1 of the present Invention is applicable will be described. 
[0079] The gas generator of FIG. 1 0, which works to 
operate the seatbelt pretensioner of an automobile, 
comprises the squib 1 , a holder 52, a gas generating 
agent 61 and a housing 62. 

[0080] The holder 52 is a holder for fitting the squib 1 
therein. The holder comprises a cylindrical member hav- 
ing, in the inner surface, a first stepped portion 58 serv- 
ing as a fitting seatforthe squtb 1 and a second stepped 
portion 59 to close contact with the squib 1 in the range 
from the top of the flanged portion 1 8 to a part of the 
tapered surface 21 . The holder 52 has two spaces di- 
vided by a boundary of the fitting seat 58, the two spaces 
being formed by a space 55 for containing the flanged 
portion 1 8 of the squib 1 on the second stepped portion 
59 side and a space 56 for containing the electrode pins 
5, 6 on.the opposite side. 

[0081] A seal ring 57 is disposed on the fitting seat 
58. The squib 1 is Inserted into the holder 52 from the 
second stepped portion 59 side and Is seated on the 
fitting seat 58, such that the tapered surface 21 of the 
flanged portion 1 8 is brought into abutment with seal ring 
57. The holder 52 has a first caulked portion 54 caulked 
along the configuration of the flanged portion 1 8 of the 
squib 1 at an end thereof on the side on which the squib 
1 Is inserted. The holder 52 contains the electrode pins 
5, 6 In the space 56 at the opposite side to the fitting 
seat 58. 

[0082] The housing 62 is a bottomed cylindrical hous- 
ing, made of metal, for containing the squib 1 and the 
gas generating agent 61 . The housing 62 has, at its bot- 
tom 62b, gas discharging holes 62a formed to discharge 
the gas generated by the combustion of the gas gener- 
ating agent 61 from the housing 62 of the gas generator 
G toward the seatbelt pretensioner at the outside. The 
gas discharging holes 62a are closed by a thin film-like 
burst plate 63 made of aluminum or equivalent. 
[0083] A portion of the holder 52 on the side on which 
the squib 1 is projected is inserted into the housing 62. 
An opening of the housing 62 is closed by the holder 52. 
The holder 52 has a second caulked portion 53 caulked 
along the opening of the housing 62 around the periph- 
ery of the holder 52. 

[0084] The gas.generator G thus constructed permits 
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the ignition agent 3 to be ignited and burnt by the gen- 
eration of heat of the bridge wire 7 caused by the pas- 
sage of electric current through the electrode pins 5, 6 
of the squib 1 . The gas generating agent 61 is ignited 
and burnt by the flame spouting from the squib 1 to gen- 
erate a large amount of gases. Sequentially, the large 
amount of gases generated in the housing 62 produces 
an increased inner pressure of the housing and thereby 
the burst plate 63 is broken. Then, the gases are dis- 
charged from the gas discharging holes 62a to the out- 
side of the gas generator G and are led into the seat 
pretensioner. Then, the seatbelt pretensioner is operat- 
ed by the high pressure gas to tighten the seatbelt. 
[0085] When the operation of the squib is ensured 
within a few milliseconds (ms), the gas generating agent 
61 of the gas generator G can be ignited and burnt within 
a few milliseconds (ms). Hence, the pretensioner can 
be operated within a few milliseconds (ms) from the 
crash. 

[0086] Thus, when the squib 1 of low price is used to 
the gas generator G, the manufacturing costs of the gas 
generator G itself can also be reduced. 
[0087] It is to be noted that the squib of the present 
invention is also applicable to gas generators that work 
to expand and inflate the airbag system at a car crash. 
These gas generators include those intended for a driv- 
er's seat, a passenger's seat or a lateral crash. They 
pemiit the airbag system* to be expanded and inflated 
by the gas generated by the combustion of the gas gen- 
erating agent. The squib Is loaded In the housing of the 
gas generator. Also, the gas generating agent, a filter, 
and the others are also arranged in the housing. The 
gas generating agent Is burnt directly by the flame from 
the squib or indirectly through an enhancer agent, to 
thereby generate a large amount of gases to expand 
and inflate the airbag system. 

[Example] 

[0088] The test was conducted to examine that the 
squib of the present invention can reliably Ignite the ig- 
nition agent 3 by the electric energization of "a current 
value (A) for the bridge wire x a few milliseconds (ms)". 
[0089] A powdered or granulated ignition agent con- 
taining zirconium as the components was used, and the 
squib having the loading density of from 2 mg/mm^ or 
more to 4 mg/mm^ or less was assembled and provided 
by adequately selecting a volume to contain of the cup 
(mm^), an amount of ignition agent loaded (mg), a di- 
ameter of the bridge wire 0 (p-m), and a length of the 
bridge wire (mm). 

[0090] Specifically, in order for the ignition agent to 
have the loading density of 2 mg/mm^, the volume to 
contain in the cup 2 of 120 mm^ and the amount of ig- 
nition agent 3 loaded of 240 mg were selected. Also, in 
order for the ignition agent 3 to have the loading density 
of 4 mg/mm^, the volume to contain in the cup 2 of 30 
mm3 and the amount of Ignition agent 3 loaded of 1 20 



mg were selected. Further, In orderforthe Ignition agent 
3 to have the loading density of 3 mg/mm^, the volume 
to contain in the cup 2 of 30 mm^ and the amount of 
ignition agent 3 loaded of 90 mg were selected. 
5 [0091] These squibs were energized in a lOcc con- 
tainer. The change of the Inner pressure of the container 
with time was measured. It was confirmed from the 
measurement results that all squibs were ignited within 
a few milliseconds (ms). 

'10 

Capability of Exploitation in Industry 

[0092] Since the squib of the present invention per- 
mits the Ignition agent to stably ignite, without any need 

15 to cover the bridge wire with the ignttable agent contain- 
ing a hamriful substance, to ensure the operation of the 
gas generator of the occupant protecting system, such 
as a seatbelt pretensioner and an airbag system, the 
squib can be produced at a reduced cost and is optimum 

20 as the squib of environmentally friendly. 



Claims 

25 1 . A squib used for a gas generator that works to op- 
erate an occupant protecting system of an automo- 
bile, such as a seatbelt pretensioner and an airbag 
system, the squib comprising; 

30 - a cup (2); 

an ignition agent (3) packed in the cup (2); 
a plug (4) to close an opening of the cup (2); 
two electrode pins (5, 6) inserted in the plug to 
extend through it; and 

a bridge wire (7) that Is connected between the 
two electrode pins (5, 6) in the cup (2) and gen- 
erates heat when electrically energized, 
the bridge wire (7) being buried In the ignition 
agent (3). 

40 

2. The squib according to Claim 1 , wherein the bridge 
wire (7) and the ignition agent are sealed In the cup 
(2) in the condition in which they have a certain con- 
tact pressure acting on each other. 

45 

3. The squib according to Claim 2, wherein a loading 
density of the Ignition agent (3) In the cup (2) Is ad- 
justed to fall within a range of between 2 mg/mm^ 
and 4 mg/mm^ so that the bridge wire and the igni- 

50 tion agent are sealed in the cup in the condition in 
which they have a certain contact pressure acting 
on each other. 

4. The squib according to Claim 1 or 2, wherein the 
55 ignition agent (3) has a component that is ignited by 

generation of heat of the bridge wire (7) and is in 
the forni of power or granule. 
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5. The squib according to Claim 1 or 2, wherein the 
Ignition agent (3) has zirconium as a component. 

6. A squib used for a gas generator that works to op- 
erate an occupant protecting system of an automo- 
bile, such as a seatbelt pretensloner and an airbag 
system, the squib comprising: . 

a cup (2); 

an ignition agent (3) packed in the cup (2); 
a plug (4) to close an opening of the cup (2); 
two electrode pins (5, 6) inserted in the plug to 
extend through it; and 

a bridge wire (7) that Is connected between the 
two electrode pins (5, 6) in the cup (2) and gen- 
. erates heat when electrically energized, 

wherein the two electrode pins (5, 6) are in- 
serted in the plug (4) to extend through it, so that 
projected portions (23) are formed projecting fronfi 
one end of the plug (4) on the cup side; 

wherein the bridge wire (7) is connected be- 
tween the projected portions (23) of the electrode 
pins (5, 6); 

wherein the bridge wire (7) and the projected 
portions (23) are hidden in the Ignition agent (3); 
and 

wherein the bridge wire (7) and the ignition 
agent (3). are sealed in the cup (2) In the condition 
in which they have a certain contact pressure acting 
on each other. 

7. The squib according to Claim 6, wherein the pro- 
jected portions (23) of the electrode pins (5, 6) are 
provided, at ends thereof, with planate deposition 
surfaces (24) extended along the axes of the elec- 
trode pins (5, 6) and arranged in parallel with each 
other with a predetermined fixed clearance h in the 
substantially same plane; and wherein both ends of 
the bridge wire (7) are connected to the deposition 
surfaces (24), respectively. 

8. Tl;ie squib according to Claim 6 or 7, wherein utmost 
end portions (24a) of the projected portions (23) of 
the electrode pins (5, 6) are folded back in such a 
manner as to cover connected portions (25) of the 
bridge wire (7). 

9. The squib according to Claim 6 or 7, wherein the 
bridge wire (7) is connected between the projected 
portions (23) of the electrode pins (5, 6) in a loos- 
ened state in which no substantial tensile force Is 
applied therebetween and then is.sealed In the cup 
(2). 

10. The squib according to Claim 6 or7, wherein a load- 
ing density of the Ignition agent (3) in the cup (2) is 
adjusted to fall within a range of between 2 mg/mm^ 



and 4 mg/mm^ so that the bridge wire and the igni- 
tion agent are sealed in the cup in the condition in 
which they have a certain contact pressure acting 
on each other. 

11. The squib according to Claim 6 or 7, wherein the 
Ignition agent (3) has a component that Is ignited by 
generation of heat of the bridge wire (7) and is in 
the form of power or granule. 

.12. The squib according to Claim 6 or 7, wherein the 
ignition agent (3) has zirconium as a component. 

13. A method of producing a squib used for a gas gen- 
erator that works to operate an occupant protecting 
system of an automobile, such as a seatbelt preten- 

^sioner and an airbag system, the method compris- 
ing: 

the step of forming a plug (4) by charging resin 
into a space between two paralleled electrode 
pins (5, 6) except opposite end portions there- 
of, as well as a space therearound; 
the step of connecting both ends of a bridge 
wire (7) to projected portions (23) of the elec- 
trode pins (5, 6) that are projected from one end 
of the plug (4), respectively; 
the step of inserting a portion of the plug (4) on 
the bridge wire (7) side into a cup (2), to bury 
the bridge wire (7) and the projected portions 
(23) In the Ignition agent (3) packed in the cup 
(2); and 

the step of fittingly engaging the plug (4) and 
the cup (2) with each other so that the bridge 
wire (7) and the ignition agent (3) can be sealed 
in the cup (2) In the condition in which they have 
a certain contact pressure acting on each other. 

14. The producing method of the squib according to 
Claim 13, wherein a loading density of the ignition 
agent (3) is adjusted to fall within a range of be- 
tween 2 mg/mm^ and 4 mg/mm^, whereby the 
bridge wire (7) and the ignition agent (3) are sealed 
in the cup with a certain contact pressure. 

15. The producing method of the squib according to 
Claim 13, wherein the ignition agent (3) having a 
component that is ignited by generation of heat of 
the bridge wire (7) and being in the form of power 
or granule Is used. 
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